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⎣
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⎢
⎢
⎣
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⎤
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⎥ ⎥
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⎢
⎢
⎢
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⎥ ⎥
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⎣
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⎤
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V ⎡
⎣
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S ⎡
⎣
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⎤
⎦
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⎢ ⎢
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⎥ ⎥
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⎥ ⎥
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5 ≥ l4 7 ≥ 6 6 ≥ 8
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⎡
⎢
⎢
⎣
   
      
⎤
⎥
⎥
⎦
⎡
⎢
⎣
⎡
⎢
⎣
   
   
⎤
⎥
⎦
⎤
⎥
⎦l2 :  (x) l3 :  (x, 5, 6) l4 :  (x) l1 : ¬ 1
4 ≥ l2 5 ≥ l4 1 ≥ 6 6 ≥ l2 1 ≥ l2•
•
•
• N F
• S ∈ N
• P A → f(A1,...,A n)
n ≥ 0,f ∈ F A,A1,...,A n ∈ N
• A ⇒ f() A → f()
• A
∗ ⇒ f(t1,...,t n) A → f(A1,...,A n)
Ai
∗ ⇒ ti 1 ≤ i ≤ n
γ
γ γ
γ
γ
γ → fγ:p1,...,pn(γ1,...,γ n) γ,γ1,...,γ np1,...,p n γ γ1,...,γ n
γ p1,...,p n
20
21
fαl:1,2,22(fαj(),f β: (fβ()),f αm())
αj αm
αl
β
∗
NA
αj → fαj() αj
αm → fαm() αm
β → fβ() β
β → fβ: (β) β β
αl → fαl:1,22(αj,α m) αj αm αl
αl → fαl:1,22(αj,α j)
αl → fαl:1,22(αm,α j)
αl → fαl:1,22(αm,α m)
αl → fαl:1,2,22(αj,β,α m) αj β αm αl
αl → fαl:1,2,22(αj,β,α j)
αl → fαl:1,2,22(αm,β,α j)
αl → fαl:1,2,22(αm,β,α m)
αl
αj βα m
 
β
fαl:1,2,22
fαj fβ:  fαm
fβ
G
• G
• γ
22
fγ
γ → fγ()
  j
p p · j• γ p1,...,p n γ
γ1,...,γ n
p1,...,p n n fγ:p1,...pn
γ → fγ:p1,...pn(γ1,...,γ n)
• γ → fγ() [[fγ()]]syn := γ
• γ → fγ:p1,...pn(γ1,...,γ n)
[[fγ:p1,...pn(t1,...,t n)]]syn := γ[p1,[[t1]] syn]...[pn,[[tn]] syn]
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[[fαj()]]syn = αj [[fαm()]]syn = αm [[fβ()]]syn = β
[[fβ: (X)]]syn = β[ ,[[X]] syn]
[[fαl:1,22(X,Y )]]syn = αl[1,[[X]] syn][22,[[Y ]] syn]
[[fαl:1,2,22(X,Y,Z)]]syn = αl[1,[[X]] syn][2,[[Y ]] syn][22,[[Z]] syn]
[[fαl:1,2,22(fαj(),f β: (fβ()),f αm())]]syn = αl[1,α j][2,β[ ,β]][22,α m]
αl[1,α j][2,β[ ,β]][22,α m]
αl 1
t1 t2 2
22 t3 t1,t 2,t 3 t1 αj
t3 αm
t2 β[ ,β]
β  
β
σ
σ
γ
σ σ(γ)
γ[p,γ ] γ  p γ
γ[p,γ ] γ  γ p
γ  p γ
γ[p,γ ] γ  γ p γ[p,γ ]σ(αj)= σαj,δ αj  :=     (x)
 
 
   
x
   
σ(αm)= σαm,δ αm  :=     (y)
 
 
   
y
   
σ(αl)= σαl,δ αl  :=    l1 :
 ( 2, 3)
⎡
⎢
⎢
⎢ ⎢
⎢
⎢
⎣
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⎤
⎥
⎥
⎥ ⎥
⎥
⎥
⎦
σ(β)= σβ,δ β  :=   
l2 :
 ( 6)
6 ≥ 7
⎡
⎢
⎣
 
   
l2
  
      
⎤
⎥
⎦
σ
fγ...
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δ
top(δ)
top(δαj)= 0,top(δαm)=1 ...
 σγ,δ 
γ,top(δγ) 
 σ,δ  σ σ
δ
[[fαj()]]sem :=  σαj,δ 
αj,top(δαj) 
δ 
αj = δαj
 
{ (p(top(δαj))) = (p(top(δαj)))|p αj}
αj
δαj δαj
δαj σαj
fαm() fβ()[[fβ: (X)]]sem :=  σβ ∪ σX,δ ,top(δβ)  [[X]] sem =  σX,δ X,top X 
δ  = δβ ∧ δX
∧ ( (top(δβ))) = ( (topX)) ∧ ( (top(δβ))) = (fX(topX))  
{ (p(top(δβ))) = (p(top(δβ)))|p  =  ,p β}
fX γ X
fγ...(...)
  β
  β
β
• γ → fγ()  σγ,δ γ 
σ(γ)
[[fγ()]]sem :=  σγ,δ 
γ,top(δγ) 
δ 
γ = δγ
 
{ (p(top(δγ))) = (p(top(δγ)))|p γ}
• γ → fγ:p1,...pn(γ1,...,γ n)
p1,...,p k 0 ≤ k ≤ n
p1,...p n
 σγ,δ γ  σ(γ)
[[fγ:p1,...pn(X1,...,X n)]]sem :=  σγ ∪ σX1 ∪···∪σXn,δ ,top(δγ) 
δ  = δγ ∧ δX1 ∧ ...δ Xn  n
i=1 (pi(top(δγ))) = ( (topXi))  n
i=k+1 (pi(top(δγ))) = (fXi(topXi))  
{ (p(top(δγ))) = (p(top(δγ)))|p/ ∈{ p1,...,p n},
p γ}
fαl:1,2,22(fαj(),f β: (fβ()),f αm())
G
G[[fβ()]]sem =  σ
1
β,δ
1
β
 , 11 
σ
1
β = l3 :
 ( 9) 9 ≥ 10
δ
1
β
  = ( ( ( 11))) = l3 ∧ ( ( ( 11))) = 10
∧ ( ( 11)) = ( ( 11)) ∧ ( ( 11)) = ( ( 11))
[[fβ: (fβ())]]sem =  σ
2
β,δ
2
β
 , 8 
σ
2
β = l2 :
 ( 6) l3 :
 ( 9) 6 ≥ 7 9 ≥ l2
δ
2
β
  = ( ( ( 8))) = l2 ∧ ( ( ( 8))) = 7
∧δ
1
β
 
∧ ( ( 8)) = ( ( 11)) ∧ ( ( 8)) = ( ( 11 ))
∧ ( ( 8)) = ( ( 8))
[[fαj()]]sem =  σαj,δ
 
αj, 0 
σαj =
 (x)
δ
 
αj = ( ( ( 0))) = x
∧ ( ( 0)) = ( ( 0))
[[fαm()]]sem =  σαm,δ
 
αm, 1 
σαm =
 (y)
δ
 
αm = ( ( ( 1))) = y
∧ ( ( 1)) = ( ( 1))
[[fαl:1,2,22(fαj(),f β: (fβ()),f αm())]]sem =  σαl,δ αl
 , 4 
σαl =
 (x)
 (y) l1 :
 (x,y)
l2 :
 ( 6) l3 :
 ( 9)
6 ≥ l1 9 ≥ l2
δ
 
αl = ( ( ( 4))) = 2 ∧ ( ( ( 4))) = 3
∧ ( ( ( 4))) = 5 ∧ ( ( ( 4))) = l1
∧δ
 
αj ∧ δ
2
β
  ∧ δ
 
αm
∧ ( ( 0)) = ( ( 4))
∧ ( ( 1)) = ( ( 4))
∧ ( ( 4)) = ( ( 8)) ∧ ( ( 4)) = ( ( 8))
∧ ( ( 4)) = ( ( 4)) ∧ ( ( 4)) = ( ( 4))b f()
b(f()) := [[f()]]sem
rf f
[[f(γ1,...,γ n)]]sem [[γ1]] sem,...[[γn]] sem
t t
G
μ
25
f(t1,...,t n)
f t1,...,t n
≥ 262728